Large s c a l e , o r " g l o b a l " s t a b i l i t y of f i n i t e r a d i u s , r azor t h i n d i s k of s e l f -g r a v i t a t i n g m a t t e r i n p r e s e n c e of a mas s i v e h a l o s u r r o u n d i n g t h e d i s k i s s t u d i e d a s an e i g e n -v a l u e problem. E f f e c t of t h e halo mass and s i z e on t h e allowed g l obal s p i r a l eigenmodes of t h e d i s k i s d i s c u s s e d .
INTRODUCTION
The d e n s i t y wave t h e o r y has been one of t h e most s u c c e ssful a p p r o a c h t o e x p l a i n t h e s t a b i l i t y and s p i r a l s t r u c t u r e of d i s k g a l a x i e s (Lin and Shu 1964; Lin, Yuan and Shu 1 9 6 9 ) . In t h e c o n v e n t i o n a l ' l o c a l ' t h e o r y , s p i r a l p e r t u r b a t i o n s of t h e form, C = ? exp{i(u)t + kr + mO)} a r e assumed t o e x i s t with t h e c o n d i t i o n of t i g h t winding, i . e . , | k | r >> 1; k being t h e wave number 2TT/X , and a d i s p e r s i o n r e l a t i o n D(k,u>) = 0 i s < o b t a i n e d . S p i r a l p a t t e r n s a r e termed a s " l e a d i n g " or " t r a i li n g " a c c o r d i n g a s k > 0 o r k < 0.
In t h e l o c a l a n a l y s i s there remained s e v e r a l d i f f i c u l t i e s , namely, ( i ) i t s v a l i d i t y f o r t i g h t s p i r a l s o n l y , w h i l e in n a t u r e most g a l a x i e s e x h i b i t r at h e r open s t r u c t u r e s ; ( i i ) e x i s t e n c e of many f r e e p a r a m e t e r s ; ( i i i ) no d i s t i n c t i o n between t h e l e a d i n g and t r a i l i n g t y p e s of s p i r a l p a t t e r n s ; and ( i v ) r a d i a l p r o p a g a t i o n of t h e s p i r a l d e n s i t y waves (Toomre 1 9 6 9 ) . A d d i t i o n a l l y , s i n c e g r a v i t a t i o n a l f o r c e i s a l o n g r a n g e o n e , a l o c a l a n a l y s i s i s not a d e q u a t e e s p e c i a l l y f o r p e r t u r b a t i o n s having w a v e l e n g t h s comparable to t h e c h a r a c t e r i s t i c d i m e n s i o n s of t h e system. C o n s e q u e n t l y , a g l o b a l o r l a r g e s c a l e s t a b i l i t y a n a l y s i s of s e l f -g r a v i t a t i n g d i s k s w i t h a p p r o p r i a t e boundary c o n d i t i o n s i s e s s e n t i a l .
GLOBAL STABILITY OF A SELF-GRAVITATING DISK -MATHEMATICAL FORMULATION
In what f o l l o w s , we u s e a f l u i d dynamical d e s c r i p t i o n of model g a l a x y -i n c y l i n d r i c a l c o o r d i n a t e s , being t h e n a t u r a l c o o r d i n a t e system f o r d e s c r i b i n g f l a t d i s k c o n f i g u r a t i o n s :
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where a ( r , 0 , t ) , p ( r , 0 , t ) , u ( r , 0 , t ) , v ( r , 0 , t ) and ^( r , 0 , t ) a r e s u r f a c e d e n s i t y , t h e r m a l p r e s s u r e , r a d i a l and a z i m u t h a l v e l o c i t i e s , and net g r a v i t a t i o n a l p o t e n t i a l , r e s p e c t i v e l y . S e l f -g r a v i t a t i o n a l p o t e n t i a l ty due t o s u r f a c e d e n s i t y d i s t r ib u t i o n of m a t t e r , o, on t h e f l a t d i s k i s g i v e n by t h e P o i sson' s e q u a t i o n :
In o r d e r t o c l o s e t h e system of e q u a t i o n s , we u s e an e q u a t i o n of s t a t e between p r e s s u r e and d e n s i t y :
Let u s c o n s i d e r t h e e q u i l i b r i u m s t a t e , i . e . , t i m e i n d ep e n d e n t , a x i s y m m e t r i c d i s k having s u r f a c e d e n s i t y Z ( r ) , a n d t h e r m a l p r e s s u r e P ( r ) w i t h no r a d i a l f l o w s , i . e . , U ( r ) = 0. The a z i m u t h a l v e l o c i t y , V ( r ) = r f i 2 ; £2(r) being t h e a n g u l a r v e l o c i t y , i s t h e n o b t a i n e d from t h e r a d i a l component of t h e momentum c o n s e r v a t i o n e q u a t i o n ( 2 ) : vf_ _ 1_ dP dX ~ r " " I dr dr ( 6 ) where f ( r ) i s t h e net g r a v i t a t i o n a l p o t e n t i a l a t a p o i n t r i n t h e p l a n e of t h e d i s k , and i s g i v e n by:
where V i s s e l f -c o n s i s t e n t g r a v i t a t i o n a l p o t e n t i a l of t h e d i s k , and f. .V. a r e t h e e x t e r n a l o r f i x e d p o t e n t i a l c o n t r i b ut i o n s of t h e c e n t r a l bulge and t h e halo c o m p o n e n t s , r e s p e c t i v e l y . 
A ( x ) b e i n g t h e Hankel t r a n s f o r m of a ( r ) , such t h a t
For a g e n e r a l i z e d d e n s i t y d i s t r i b u t i o n , expanded i n t e r m s of t h e B e s s e l ' s f u n c t i o n s :
where A. i s t h e j t h r o o t of J (XR) = 0 ( Y a b u s h i t a 1 9 6 9 ) .
Now, l e t u s c o n s i d e r s t a b i l i t y of t h e d i s k a g a i n s t i n f in i t e s i m a l l y small p e r t u r b a t i o n s , t ; ( r , e , t ) = £ (r )exp{ i (wt-hn©)},
where C, u> = (a) r ,w.),m and fi = -w /m are t h e ampl i t u d e , f r equency, wave-number and t h e p a t t e r n -v e l o c i t y of t h e p e r t u r b at i o n , r e s p e c t i v e l y . The p e r t u r b a t i o n grows or damps exponent i a l l y , or remains o s c i l l a t o r y according as m^ < 0, > 0 or = 0. Radial p a r t s of t h e p e r t u r b a t i o n s are expanded a s follows (cf. Ambastha and Verma, 1983) S(r) = J Q C k J m ( V ); $(r) = J^ C^r )
These e x p a n s i o n s a r e s u b s t i t u t e d i n e q u a t i o n s ( l ) -( 4 ) a f t e r l i n e a r i z a t i o n ; t h e n m u l t
i p l i e d by s u i t a b l e o r t h o g o n a l f u n c ti o n s and i n t e g r a t e d o v e r t h e p l a n e of t h e d i s k i n t h e i n t e rv a l 0 <_ r <_ 1 . As a r e s u l t , an i n f i n i t e s e t of a l g e b r a i c e q ua t i o n s i s d e r i v e d which c o u l d more c o n v e n i e n t l y be e x p r e s s e d i n t h e form of an e i g e n v a l u e problem f o r t h e p e r t u r b a t i o n s :
where M i s a 3°° x 3°° m a t r i x , . non-symmetric i n g e n e r a l and Z i s a column m a t r i x c o n s t i t u t e d by t h e b a s i s v e c t o r s o ( r ) , u ( r ) , v ( r ) . In g e n e r a l , t h e e i g e n v a l u e problem e x p r e s s e d i n e q u a tion (13) cannot be s o l v e d a n a l y t i c a l l y , hence, we have used a n u m e r i c a l method i n v o l v i n g e l e m e n t a r y s i m i l a r i t y t r a n s f o r m at i o n of a s u i t a b l y t r u n c a t e d m a t r i x M t o e v a l u a t e t h e e i g e nv a l u e s w and t h e c o r r e s p o n d i n g e i g e n v e c t o r s Z.
GLOBAL STABILITY OF ONE COMPONENT DISKS
S e l f -c o n s i s t e n t g l o b a l s t a b i l i t y a n a l y s i s has been e a rl i e r c a r r i e d out by a number of w o r k e r s f o r o n e -c o m p o n e n t . d if f e r e n t i a l l y r o t a t i n g , f i n i Bardeen 1975 ; l y e 1978; Aoki e t a l . 1 9 7 9 ; P a n n at o n i and Lau 1979; Ambastha and Varma 1 9 8 3 ) . In p r i n c i p l e , t h e e i g e n -v a l u e problem g i v e n by e q u a t i o n (13) a d m i t s an i n f i n i t e , d i s c r e t e s e t of e i g e n f r e q u e n c i e s c o m p r i s i n g o f b o t h r e a l and c o m p l e x -c o n j u g a t e p a i r s . Large s c a l e smooth s p i r a l p a t t e r n s have been found a s s o c i a t e d w i t h many of t h e complex eigenmodes, i . e . , s p i r a l s a p p e a r a s s e l f -e x c i t e d , normal modes of o s c i l l at i o n s i n t h e p l a n e of f l a t , d i f f e r e n t i a l l y r o t a t i n g d i s k s . S t a b i l i t y of b o t h " c o l d " a s well a s " h o t " s e l f -g r a v i t a t i n g d i s k s have been examined a g a i n s t a x i s y m m e t r i c and nonaxisymm e t r i c p e r t u r b a t i o n s with no r e s t r i c t i o n imposed on r a d i a l wavelength X ( r ) .
In
As c e n t r a l c o n d e n s at i o n of t h e s u r f a c e d e n s i t y i s i n c r e a s e d , g r o w t h -r a t e s of " e x p l o s i v e " modes a r e found t o i n c r e a s e f u r t h e r . On t h e c o nt r a r y , t h e s e " e x p l o s i v e " modes become l e s s v i o l e n t when t h e rmal e n e r g
y o r " h o t n e s s " of t h e d i s k i s enhanced i n s t e a d of t h e c e n t r a l c o n d e n s a t i o n . A l s o , i t i s found t h a t modes w i t h t i g h t e r s p i r a l p a t t e r n s a r e s t a b i l i z e d f a s t e r t h a n t h e modes
having r a t h e r open s p i r a l s t r u c t u r e s . However, l a r g e t h e r m a l e n e r g i e s a r e r e q u i r e d i n o r d e r t o c o m p l e t e l y s u p p r e s s a l l " e x p l o s i v e " modes.
I t i s a l s o n o t i c e d t h a t modes w i t h r e g u l a r t i g h t l y wrapped s p i r a l p a t t e r n s become i r r e g u l a r a s " h o t n e s s " of t h e d i s k i s i n c r e a s e d . On t h e o t h e r hand, modes having r a t h e r open " l e a d i n g " s p i r a l p a t t e r n s a r e g r a d u a l l y t u r n e d i n t o smooth t r a i l i n g p a t t e r n s above a c r i t i c a l v a l u e of t h e t h e r m a l e n e r g y . Of c o u r s e , e v e n t u a l l y no u n s t a b l e modes s u rv i v e d , i . e . , no s p i r a l s t r u c t u r e s i s a l l o w e d , when t h e r m a l energy of t h e d i s k i s made s u f f i c i e n t l y l a r g e (Ambastha and Varma 1 9 8 3 ) .

MULTI-COMPONENT SPIRAL GALAXY MODELS I t i s well known t h a t d i s k g a l a x i e s a r e complex a s t r o n omical o b j e c t s c o n s i s t i n g of s e v e r a l components w i t h widely v a r y i n g p r o p e r t i e s , such a s , ( i ) a f l a t r o t a t i n g d i s k compri s i n g of g a s , d u s t , p o p u l a t i o n I and I I s t a r s ; ( i i ) c e n t r a l s p h e r o i d a l b u l g e which i s made up m a i n l y of p o p u l a t i o n I I o b j e c t s ; and ( i i i ) a l a r g e " i n v i s i b l e " halo s u r r o u n d i n g t h e d i s k and t h e b u l g e . Although t h e v i s i b l e s p i r a l s t r u c t u r e s of a g a l a x y a r e c h a r a c t e r i s t i c f e a t u r e d i s p l a y e d by t h e g a seous and young s t e l l a r p o p u l a t i o n of t h e f l a t d i s k component,
t h e i r p h y s i c a l a p p e a r a n c e seems t o be governed by t h e s i z e and m a s s i v e n e s s of t h e c e n t r a l b u l g e , which d o e s not e x h i b i t s p i r a l f e a t u r e s i t s e l f (Freeman 1 9 7 0 ) . Apart from i g n o r i n g t h e major components of r e a l g a l a c t i c s y s t e m s , v i z . , c e n t r a l s p h e r o i d a l " b u l g e " and a " h a l o " around t h e d i s k , t h e one component d i s k g a l a x y models s u f f e r from t h e p r e s e n c e of e x p l o si v e l y u n s t a b l e modes, and r e q u i r e c o n s i d e r a b l y l a r g e t h e r m a l e n e r g i e s in o r d e r t o s u p p r e s s t h e s e v i o l e n t i n s t a b i l i t i e s . l t has been e a r l i e r found by n u m e r i c a l s i m u l a t i o n s t h a t i n c l usion of a l a r g e halo e n v e l o p i n g t h e d i s k s u p p r e s s e s e x p l o s i v e modes (Hohl 1976; Berman, Brownrigg and Hbckney 1 9 7 8 ) . In view of t h i s , we have made a s t u d y on t h e l a r g e s c a l e s t a b il i t y and s t r u c t u r e of f i n i t e d i s k i n c l u d i n g v a r i o u s a s p e c t s of g a l a c t i c c o m p o s i t i o n . Ambastha and Varma (1982) have e a rl i e r s t u d i e d s t a b i l i t y and s p i r a l s t r u c t u r e s of a f l a t s e l fg r a v i t a t i n g d i s k u n d e r t h e i n f l u e n c e of an e x t e r n a l g r a v i t at i o n a l f o r c e e x e r t e d by a f i x e d c e n t r a l bulge component.They have examined p r o p e r t i e s of t h e g l o b a l eigenmodes for v a r i o u s r a t i o s of t h e d i s k -t o -b u l g e mass and r a d i u s .
A massive halo, surrounding both the galactic disk and the central bulge may also have a major influence on the dynamics and structures of the flat disk component. Presence of a massive halo around our own Galaxy, the Milky Way, is evidenced from the nearly flat rotational curve at large galacto-centric distances (Rubin, Ford and Thonard 1978; Bosma 1978; Krumm and Salpeter 1979) . It has been inferred that the halo component of a galaxy could be around ten to twenty t imes as massive as the disk (Ebk 1981).
In order to examine the influence of the halo component on the dynamics and structure of the disk component, we consider a razor thin disk with radius R(j of self-gravitating matter (gas, dust and population I objects) having a surface density distribution a , ( r ) :
where o Q is a constant and R d is radius of the disk. Further, we consider a spherical halo surrounding the disk having a volume density given by:
; r i R h = 0 ; r > R h (15) where p is the central density and R, i s the core-radius of *o h the halo. The corresponding gravitational potential due to the "fixed" halo mass i s : component "cold" d i s k s , when t h e halo i s not s u f f i c i e n t l y massive a s compared to t h e d i s k . Ibwever, when t h e halo mass i s increased to around 4-5 times t h e disk mass, almost no uns t a b l e modes a r e allowed, i . e . , no l a r g e scale or "global" spiral p a t t e r n s a r e p e r m i s s i b l e . 'igure 2: Growth-rates u> against frequency u for u n s t a b l e eigenmodes of t h e d i s k a s t h e r a t i o of t h e c o r er a d i u s of t h e halo to t h e r a d i u s of t h e disk i s increased. The halo mass i s four times t h e d i s k mass. Figure 3 shows e i g e n -p a t t e r n s associated with some un-i s t a b l e modes for 6 = 0.9 and r\ = 0.5 and 1.0. In the f i r s t case, t h e r e i s an i r r e g u l a r s p i r a l s t r u c t u r e with rapid v a r ia t i o n in amplitude along t h e s p i r a l . However, smooth s p i r a l s t r u c t u r e i s obtained when t h e halo c o r e -r a d i u s i s equal to or g r e a t e r than the d i s k r a d i u s (see also Figure 4 ) . ' .^u r e 4: E i g e n -p a t t e r n s a s s o c i a t e d w i t h b i -s y m m e t r i c (m=2) s u r f a c e d e n s i t y p e r t u r b a t i o n f o r t h e u n s t a b l e mode a t n = 50 and fi = 0 . 9 5 .
